I. Introduction
Problem drinking is among the top causes of poor health in the world, especially for men in high-income countries (see Lopez et al., 2006) , costing noticeable fractions of national output. For instance, in Australia, where our data come from, the tangible costs of alcohol abuse (output loss, healthcare, crime) are estimated at A$10.8 bn per year (Collins and Lapsley, 2008, p. 5) , or 1.2% of the country's Gross Domestic Product (GDP) (2005 estimate). In the UK and the US, the comparable costs as a fraction of GDP are even higher: 1.7% and 1.5%, respectively.
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There are also less tangible costs in terms of socio-economic status, emotional well-being and safety. The 'health gradient' literature links problem drinking with education (Cutler and Lleras-Muney, 2006; Furne´e et al., 2008) , with several studies finding that more educated people consume less alcohol in ethanol equivalents (Baltagi and Griffin, 1995; Sharpe et al., 2001; Ha¨kkinen et al., 2006) . A niche within this literature focusses on excessive drinking. For instance, Kenkel (1991) and Cutler and Glaeser (2005) using data from US National Health Interview Surveys found that more educated people were less likely to report 'heavy drinking' defined as consuming three or more drinks on a single day. Other examples include studies on excessive *Corresponding author. E-mail: zubanov@ese.eur.nl 1 The latest estimate of economic costs of alcohol abuse in the US, $185.4 bn per year (Harwood, 2000) , dates back to 1998. The estimate for the UK, 25.1 bn pounds sterling, is based on 2008 data presented in UK National Audit Office's report on the topic (NAO, 2008) .
Applied Economics ISSN 0003-6846 print/ISSN 1466-4283 online ß 2013 Taylor & Francisdrinking and alcohol-related problems by van Oers et al. (1999) and Droomers et al. (2004) among Dutch adults, both studies concluding that schooling is associated with significantly lower risk of excessive drinking, suffering health problems and psychological dependence on drink, especially for men.
Can this empirical evidence sustain the argument that promoting public education will help reduce problem drinking? The findings above, though informative, are not sufficient to establish a causal link between schooling and problem drinking that is necessary to justify educational interventions. In fact, these interventions will be ineffectual if the link is not causal but instead factors immune to policy, such as family background or genes, co-determine schooling attainment and problem drinking. To establish a causal link between the two, which is the ambition of this study, one needs a method to uncover variation in schooling that is demonstrably independent of these factors. One approach to do so is to use instruments to identify part of the variation in schooling which is not due to family or genes. An example of this approach in the problem drinking research is the study by Park and Kang (2008) , who used availability of schools in the region of birth and the culture-induced parental preference towards the first son as instruments for individual schooling attainment. They found some evidence that schooling induces healthy lifestyle, but none that it reduces 'heavy drinking' defined as consuming alcohol more than five times a month.
Using instruments invites healthy criticism as to whether the variance in schooling explained by them is really exogenous. For instance, while it is reasonable to assume, as Park and Kang (2008) did, that the distribution of genetic characteristics in their sample is independent of local public sector provisions, it may be argued that households with higher demand for education will move to areas with better or more numerous schools. Convincing instruments being often hard to come by, an alternative to Park and Kang's (2008) approach is to use variation in schooling among individuals sharing the same genes and family background, such as identical twins. This is the approach we follow. A number of studies have used twins data to identify exogenous variation in schooling, looking at its effects on various socio-economic outcomes, such as earnings (Ashenfelter and Krueger, 1994; Miller et al., 1995; Bonjour et al., 2003) , children's education (Behrman and Rosenzweig, 2002) , and obesity (Webbink et al., 2010) , to mention a few. The studies by Heath et al. (1997) and Knopik et al. (2004) on genetic and environmental influences on Alcohol Dependence (AD), in which schooling is used as one of the controls, belong within this research tradition. Encouragingly, both studies found that university-educated men were about 40% less likely to have developed AD than the men without a high-school diploma (no significant effects were reported for female twins). Our study design is similar to theirs, except that we address the issue of measurement error in schooling as well, implementing one of Ashenfelter and Krueger's (1994) instrumental variable estimators to correct for measurement error in our schooling data, which presence we detect by comparing answers of the same individual given in different periods of time.
To preview our findings, while not affecting alcohol intake, schooling is negatively linked to a variety of problem drinking symptoms reported by men. (No consistently significant results were found for women.) For instance, an extra year of schooling reduces the likelihood of AD by 6%, and the number of health problems caused by drinking by 0.14. Relative to these indicators' variability in our sample (the SDs are 0.44 for AD, 0.50 for health problems), these are significant reductions. Our findings are robust to the inclusion of birth weight and personality, the factors which affect both schooling and problem drinking, as controls. More importantly, our results remain when we restrict our sample to twins who had completed their education before starting to drink alcohol, which implies that they are not driven by possible reverse causality between problem drinking and schooling. There is also some evidence for the effects of schooling to be stronger for twins with a family history of problem drinking, and for secondary schooling to be more important in its effect on problem drinking than further education.
Interpreting our findings, it is important to heed the limitations of our study, common to much of the literature on identical twins, of which the biggest are the following two. The first is the assumption that schooling differences between identical twins are exogenous to the factors co-determining schooling and problem drinking. While small differences in years of schooling (for example, when one twin attains a bachelor's degree and the other graduates with a master's) may indeed be random, this assumption becomes increasingly demanding for larger differences. To try to weaken the strength of this assumption somewhat, we repeat our analysis on the subsample in which within-twin differences in schooling do not exceed 3 years, obtaining similar results as on the entire sample, albeit less precisely estimated. The second limitation is that we cannot account for the presence of 'peer effects', that is, twins' drinking 1584 N. Zubanov et al.
behaviours affecting one another. To try to infer their existence, we exploit the information on the frequency of twins' seeing each other and repeat our main analysis on the subsamples of twins being in contact with each other more and less frequently than once a year. We find that our main results for men do not depend on frequency of contacts. Given the robustness of our results, we are inclined to interpret them as evidence for causal effect of schooling, admitting, however, that we cannot fully exclude other explanations behind them, such as starting to drink and leaving school upon meeting wrong friends or reducing own drinking seeing a bad example of an alcoholic co-twin. Its limitations notwithstanding, our study contributes to the problem drinking niche in the health gradient literature by carefully addressing the issue of endogenous schooling, and by presenting a plausible research design to try to establish an exogenous, 'natural experiment'-type, source of variation in schooling, while pointing to the challenges to this endeavour. We bring various measures of problem drinking developed in medical studies together with our own indicators focussing on its particular aspects such as health problems (Section II). As a methodological contribution, we bring the problem drinking research closer to modern economics/econometrics agenda by addressing the issues of measurement error in schooling (Section II) and reverse causality between schooling and drinking, as well as by examining heterogeneity in the effects of schooling for different population groups (Section III). These issues have important implications not only for the consistency of our findings, but also for drawing wider implications from our study, which we sketch in the concluding Section IV.
II. Data and Method

Sources of data
Our data come from the Australian Twin Register and include three survey waves of the same group of Australian twins, labelled Canberra (collected in 1980 Canberra (collected in -1982 , Alcohol-1 (1988 Alcohol-1 ( -1989 and SemiStructured Assessment for the Genetics of Alcoholism (SSAGA) collected in 1993. Canberra and Alcohol-1 contain a large number of questions covering, among schooling and drinking patterns, the age when the respondent started to drink alcohol, biometric data, health, family, employment, personality and socio-economic background.
Alcohol-1 also includes questions on individual health and personal and behavioural problems perceived to be caused by drinking. SSAGA is the source of data on the AD indicator, which we compute based on the work of Knopik et al. (2004) , as well as on personality characteristics. Our key dataset is Alcohol-1 because it contains the most accurate and recent schooling data available to us. It is well suited for our inquiry because the minimum respondent age in Alcohol-1 is 25 (the average is 42, and the median age is 40), so that most of the subjects would have completed their schooling and have some history of drinking alcohol by the time of the survey. This does not, of course rule out a possible reverse causality between schooling and problem drinking, which we address later in the article. A total of 1149 complete pairs of identical twins participated in all three waves (down from 1798 in Canberrra), of whom between 776 and 431 (depending on the indicator) had complete data required for our analysis.
Schooling
In the original data, schooling is recorded in levels (less than 7 years at school; 8-10 years; 10-12 years or apprenticeship or trade certificate; technical or teacher's college; university; post-graduate degree), which we convert into, respectively, 5, 9, 11.5, 13, 15 and 17 years of schooling, as was done in Miller et al. (1995) , who also used these data. The median schooling is 11.5 years for both sexes. The average years of schooling are 12.6 for men and 11.2 for women, slightly higher than the averages for the general population, which can be explained by more educated people being more likely to participate in the surveys. Schooling attainment varies widely between individuals: its SD is 2.5 years for both sexes. Yet, much of this variation is between twin pairs, since 51% of male and 63% of female participants report the same years of schooling as their identical twin. Among the pairs with different years of schooling, the average difference is about 2.7 years for both sexes; differences in excess of 4 years are very rare (53% of cases).
Closer inspection reveals high intra-pair correlation between the twins' years of schooling: 0.81 for identical and 0.59 for fraternal twins (not part of our working sample), similar to the estimates reported in Behrman and Taubman (1989) , 0.75 and 0.55. The higher correlation for identical twins suggests an important role of genetic endowments in determining educational attainment. Performing a standard genetic decomposition of variance in schooling, we learn that genes account for 62% of its variation
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2 Thus, genes appear to play an important role in schooling attainment, and therefore estimating causal effects of schooling requires isolating their influence, which we do by exploiting the variation in schooling within pairs of identical twins.
Another interesting feature of the years of schooling variable is the presence of measurement error in it. Comparing the responses of the same individuals in the Canberra (1980) and Alcohol-1 (1988) samples reveals that 14.5% report less schooling in 1988 than in 1980. In fact, the correlation between own-and twin-reported schooling for the same individual (the 'reliability ratio') in our data is about 0.8 for men and 0.85 for women, close to the 0.9 reported by Ashenfelter and Krueger (1994, p. 1160) for US twins schooling, implying that 20% of the observed variance in schooling for men, and 15% for women, is due to measurement error. Measurement error in the explanatory variable causes its regression estimate to be biased towards zero, thus underestimating its effect. We deal with the measurement error issue in our analysis by instrumenting own-reported with twinreported schooling as was done by Ashenfelter and Krueger (1994) .
Alcohol intake
We calculate the following measures of alcohol intake: the number of drinks consumed during the week preceding the day of the interview; 3 the maximum number of drinks had on a day of a typical week; and the maximum number of drinks ever had in a single day. Table 1 reports descriptive statistics of the intake variables, separately for men and women, as well as their correlations with years of schooling. The average weekly intake is 8.7 drinks for men and 4.1 drinks for women. A decrease in average alcohol intake in 1988 compared to 1980 is noticeable, especially for men, and can be partly explained through the life-cycle pattern in alcohol intake, 4 and partly through secular trends in alcohol consumption. Weekly intake is uneven: men consume 40% (¼3.5/8.7) of their weekly intake on a single day; this ratio is even higher, at 50%, for women. Excessive drinking is noticeable, with the maximum daily intake ever in a lifetime comparable to the total intake for the whole typical week. There is a negative correlation between alcohol intake and schooling for men and positive for women.
Problem drinking indicators
Although alcohol intake, regular or excessive, is perhaps the most objective measure of individual exposure to potentially harmful effects of alcohol, it is only one of the many characteristics of problem drinking that our data allow us to calculate. Table 2 reports the incidence of various symptoms of problem drinking by gender. An average man drinks alcohol 2-4 times a month to 2-3 times a week, consuming between 1-2 and 3-4 drinks on a typical day (not weekend ). An average woman takes 1-2 drinks a day 2-4 times a month. These statistics do not contradict the average alcohol intake reported in the previous section, since much of the weekly alcohol intake falls on one day which is likely to be weekend, not a typical day.
Turning from the usual drinking patterns to the events happened at least once in a lifetime, 71% of men and 53% of women felt at some point that they should cut down their drinking. This statistic is potentially ambiguous, because the threshold from which drinking becomes problematic for the individual in question varies, and it may be misleading if this threshold is positively related to the amount of alcohol usually consumed. Yet, drinking is often regarded as excessive not only by the individual in question but also by those around him. Thus, 36% (12%) of men (women) reported having heard other people objecting to their drinking, 36% (22%) felt bad or guilty about their drinking; and 24% (8%) admitted both.
Recognizing own drinking as problematic does not always lead to reducing or stopping it completely. Thus, a number of people report symptoms of addiction to drink: trying, but failing, to cut down drinking (6% of men and 2% of women), drinking first thing in the morning (9% and 2%), and drinking heavily for more than 2 days in a row (18% and 4%). Statistics in Table 2 also reveal that many people see their drinking as the reason behind a variety of personal problems, such as problems with family or friends (26% and 8%), drunk driving (17% and 3%), health (20% and 10%), to name a few. The answers form a coherent picture, where alcohol intake is positively correlated with both inability to stop or reduce drinking and health and personal problems.
This variety of characteristics allows us to construct more aggregate measures of problem drinking and thus link our study to others operating with these measures. The most popular measure is the AD indicator used, among others, in Slutske et al. (2002) and Knopik et al. (2004) . This indicator is based on American Psychiatric Association's manual of mental disorders (APA, 2000) which lists nine symptoms currently experienced by a respondent: (i) drinking more, and over longer periods of time, than intended; (ii) wanting but not being able to stop/cut-down drinking; (iii) long time spent drinking; (iv) withdrawal symptoms that prevent fulfilling major obligations (e.g. work, school, etc.); (v) giving up important activities because of drinking; (vi) carrying on drinking in the knowledge of its adverse effects; The effect of schooling on problem drinking(vii) tolerance to alcohol (larger intake required to get drunk than when started ); (viii) experiencing withdrawal symptoms (e.g. shaking or delirium tremens); (ix) drinking to relieve withdrawal symptoms. An individual is diagnosed positively for AD (i.e. AD ¼ 1) if he or she has three or more of the above symptoms. We also calculate the five-shot and CAGE (the acronym for cut down, annoy, guilty, 'eye opener') indicators which have been applied in medical practice for diagnosing an alcohol problem (Mayfield et al., 1974; Seppa¨et al., 1998) , as well as indicators focussing on particular aspects of problem drinking.
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The five-shot indicator is based on the answers to the following questions:
-how often do you have a drink containing alcohol? ('never' ¼ 0 points, 'monthly or less' ¼ 1 point, '2-4 times a month' ¼ 2 points, '2-3 times a week' ¼ 3 points, '4þ times a week' ¼ 4 points); -how many drinks containing alcohol do you have on a typical day?
; -have people ever objected to your drinking?
('no' ¼ 0, 'yes' ¼ 2); -have you ever felt bad/guilty about your drinking ('no' ¼ 0, 'yes' ¼ 2); -have you ever had a drink first thing in the morning? ('no' ¼ 0, 'yes' ¼ 2).
The CAGE indicator includes the last three questions of five-shot plus the question 'have you ever thought you should cut down on drinking?', each 'yes' answer carrying one point.
The indicators focussing on particular aspects of problem drinking are calculated as the sum of the answers ('yes' ¼ 1, 'no' ¼ 0) to their underlying questions. Their content is given below:
(1) Inability to reduce/stop drinking: Have you ever . . . (1) tried but failed to cut-down drinking; (2) had a drink first thing in the morning; (3) drank heavily for 2 or more days in a row; (4) approached someone for help about drinking; (5) felt bad or guilty about your drinking. (2) Behavioural problems caused by drinking:
(1) heard people objecting to your drinking; (2) neglected your usual responsibilities because of drinking for 2 days or more; (3) had problems with friends and/or family because of drinking; (4) had problems at work/ study because of drinking; (5) got into trouble because of drunk driving; (6) injured yourself or others while drinking. (3) Health problems caused by drinking: (1) received treatment for a drink problem; (2) had delirium tremens, severe shaking or hallucinations after heavy drinking; (3) had other health problems because of drinking. Table 3 shows descriptive statistics on our aggregate problem drinking indicators. 25% of men and 8% of women in our sample would be diagnosed with AD (AD ¼ 1). These rates seem high compared to more recent survey data on AD in Australia 8 but there is a lot of variance in the measures used in different surveys, which makes comparisons difficult. The average incidence of inability to stop/reduce drinking at least on one occasion in their lifetime is 0.7 for men and 0.37 for women. Further, an average man had one behavioural problem due to drinking at least once in his life, and an average woman just over a third. There is also a relatively high incidence of health problems perceived to be caused by drinking: 0.22 for men and 0.09 for women. As with alcohol intake, there is mostly a negative link between the indicator scores and years of schooling for men and positive (though weak) for women.
Controls
To account for other influences on problem drinking which may also be correlated with schooling, we use twins' birth weight and personality as controls. These variables have been shown to affect problem drinking and education attainment. Birth weight has been linked with problem drinking symptoms in adult males (Knop et al., 2003) and also with several personal and labour market outcomes, including schooling attainment (Black et al., 2007) . As for personality, Slutske et al. (2002) found behavioural undercontrol to contribute to the risk of developing AD, while Maqsud (1993) finds psychoticism (a personality trait underlying behavioural undercontrol) to be negatively correlated with academic attainment. It must be noted that personality is a potentially endogenous control, since alcoholism may in turn affect personality or co-occur with various personality disorders (Preuss et al., 2009) , and if so, the specification with the personality variables included would underestimate the effect of schooling.
We follow Slutske et al. (2002) in calculating personality indicators based on the Tridimensional and Eysenck Personality Questionnaires using the SSAGA (1993) sample. A principal component analysis on the novelty seeking, harm avoidance, reward dependence, extraversion, neuroticism, psychoticism and lie scores yields three dimensions of personality, together explaining 70% of the total variance in the individual scores. The first dimension, labelled 'Negative Emotionality' (NE), explains 32% of the total variance in the scores and is associated with harm avoidance and neuroticism. High scores on this dimension point to high levels of anxiety, insecurity, mood changes and general unhappiness. The second dimension, 'Positive Emotionality' (PE), is mostly made up of reward dependence and extraversion and explains 17%. High scores on this dimension are earned by lively, friendly and outgoing people. The third dimension, 'Behavioural Undercontrol' (BU), encapsulating novelty seeking, psychoticism and propensity to lie and explaining the remaining 21% of the total variation in personality dimensions, is associated with implusiveness, thrill seeking, rebelliousness and lack of responsibility.
Estimation issues
The problem with the causal interpretation of regressions of problem drinking on schooling is that both these variables may be co-determined by unobservables such as genes or family background. Indeed, we have seen in Section II that genetic differences account for a large part of the variation in schooling attainment. However, identical twin pair controls will help reveal the causal effect of schooling under certain assumptions as we now explain.
Suppose that a problem drinking indicator of interest y is a linear function 9 of years of schooling (s), observed controls (vector x) and the error term u which summarizes other, unobserved, determinants of y
where i ¼ 1, 2, . . . , N is the twin pair index, j ¼ 1, 2 is the individual twin index. Genes co-determining problem drinking and schooling attainment will induce a correlation between schooling and the error term in Equation 1, resulting in a biased estimate of the effect of schooling. We can remove this correlation by assuming that u ij can be expressed as the sum of two components: the component common to both twins ( i ), such as genes or/and family characteristics, and the individual error term, e ij . taking within twin pair differences. Estimating (1) in differences,
with the Ordinary Least Squares (OLS) method yields an unbiased estimate for assuming (i) that both twins share the same , and (ii) that is the only source of endogeneity in the years of schooling variable. To satisfy the first assumption, we concentrate on identical twins who share genes as well as family background. The second, requiring that the error term De i in Equation 2 be uncorrelated with twin differences in schooling, Ds i , remains our identifying assumption. To test the sensitivity of our results to the strength of this assumption, we will later concentrate on the twin pairs in which differences in schooling are small and thus are more likely to be exogenous.
The other estimation issue that we address in this study is measurement error in schooling. Suppose the true schooling of twin j in pair i, s ij , is measured by self-reported schooling, s
where ij is the unobserved measurement error with mean zero and variance 
we see that applying OLS to Equation 4 will produce a downward-biased estimate for because Ds Ashenfelter and Krueger (1994) propose instrumenting ownreported with twin-reported schooling. There are two approaches to implementing this instrumentation in the equation in differences (4): (i) instrument the difference in own-reported schooling with the difference in twin-reported schooling; and (ii) instrument the difference in schooling as reported by one twin with the difference in schooling as reported by the other twin. We take the second approach because, unlike the first, it is robust to the presence of individual-specific measurement error.
10 The correlation between own and twin-reported schooling is quite high, suggesting that twin-reported schooling is a good choice of instrument. Table 4 reports the estimated effects of one extra year of schooling on alcohol intake and problem drinking outcomes. We run our regressions separately for men and women in the following five specifications:
III. Results
(1) basic, where the outcome variable is regressed on years of schooling only (Equation 1 without controls); (2) twin differences (Equation 2 without controls); (3) same as (2) with schooling instrumented to correct for measurement error; (4) same as (3) with added controls; and (5) same as (4) estimated on the subsample of twins who had an alcoholic drink within a year before the date of the interview. To ensure comparability of estimates, all specifications for a given dependent variable, except (5) are applied on the same sample.
Some comments on our estimation procedure are in order. Even though most twins report the same years of schooling as their co-twin, about 30% of female and 45% of male twin pairs differ in schooling, providing sufficient variation to identify the effects of our interest. Taking twin differences (column 2) does change the estimates, but in a way suggesting that the unobservables affecting both schooling attainment and problem drinking outcomes 10 To see this important difference between the two instrumentation approaches, denote s 
Two pairs of variables satisfy the requirements for valid instruments: Ds 0 and Ds 00 , and Ds* and Ds** (the other pairs contain common measurement errors). However, instrumenting Ds 0 with Ds 00 (in words: own-reported schooling with twin-reported schooling) assumes that the measurement errors v 
On the other hand, instrumenting Ds* with Ds** (the difference in schooling as reported by one twin with the same reported by the other twin) is robust to v i,m because taking the difference between the own and twin schooling as reported by the same twin will cancels v i,m out.
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(1) The effect of schooling on problem drinkingare such that more educated twin pairs are also more likely to develop problem drinking symptoms. Instrumenting own-reported schooling with twin-reported (column 3) generally increases the magnitude of the estimates, as expected given the measurement error in our schooling data. This increase in magnitude is larger for men than for women, since the reliability of men's own-reported schooling is lower. The inclusion of controls (column 4) reduces the magnitude of the estimated effects of schooling on problem drinking indicators for men and increases them for women, though -reassuringly -not by a large margin for both sexes, suggesting that they do not play any important role in shaping the link of our main interest. Of these controls, the most important is the personality dimension labelled 'BU' which is often positively linked with problem drinking for both sexes. Birth weight is unimportant for men but is often negatively linked with women's problem drinking symptoms. Restricting the sample to active drinkers (column 5) tends to increase the magnitude of the estimates, since the effect of schooling for nondrinkers is by definition zero, although the differences between columns (4)'s and (5)'s estimates are small. Our preferred specification, on which we base our inferences, is (5). Although it contains potentially endogenous personality controls which can lead to underestimation of schooling effects, we believe it is safe to include them and work with conservative estimates of schooling effects.
The estimates of the effect of schooling on alcohol intake are consistently insignificant for both sexes, and also small compared to their averages and SDs. Where schooling is important is problem drinking indicators. Thus, an extra year of schooling reduces the probability of developing AD by men by 6% (column 5). Schooling has negative effects on some other indicators as well, reducing the CAGE and inability to stop indicators by just under 0.17 with an extra year, and the health problem indicator by 0.14. For women, schooling significantly reduces the number of behavioural problems, by 0.13 with an extra year and, intriguingly, increases the likelihood of AD by about 3%, although this effect is barely significant and is small relative to the size and variation of the AD indicator among female twins. The differences between estimates for schooling on the male and female samples are statistically significant at less than 10% level for all indicators except behavioural problems in which case the estimates for men and women are similar.
11 The gender differences in the effects of schooling will persist in the extensions and robustness checks to our main results we perform in the following sections.
To illustrate the importance of the effects of an extra year of schooling relative to the problem drinking symptoms' variability, we express the significant estimates in terms of the sample SDs of the respective dependent variables. Table 5 shows that these reductions may be rather large, up to a quarter of SD (health problems), suggesting that educational interventions may play an important role in preventing the losses due to problem drinking.
The life cycle of alcoholism
We have seen earlier in the article (Table 1) that the average alcohol intake reported in 1988 is lower than in 1980, a tendency suggesting the presence of a lifecycle pattern in the intake and, by implication, alcoholism, on which we concentrate in this section. Life-cycle patterns in alcoholism were reported in Vaillant's (1995) authoritative study on the topic, in which he tracked two samples of men -Core City (Boston city poor) and College (Harvard undergraduates) -over the course of several decades. Vaillant (1995, pp. 124-63) found that a progression from a first drink to AD, if it ever happens, takes between 3 and 15 years, and tends to be longer for the more educated men from the College sample. Alcohol abuse persists for between one and two decades and then declines at a stable rate. In the end, only a Note: ***p50.01, **p50.05.
11 We test these differences by estimating a nested regression model for each indicator that includes, in addition to the full set of regression variables, their cross products with the gender dummy (0 for male twin pairs, 1 for female). The cross product of schooling and the gender dummy being significantly different from zero implies a statistically significant difference between schooling estimates for male and female twins. Since there are two variables that need instrumenting in the nested equationschooling and its interaction with gender -there are also two instruments: twin-reported schooling and its interaction. 1592 N. Zubanov et al.
quarter of alcohol abusers remain so by age 60, while the rest abstain from alcohol completely or die, or, in a small number of cases, return to 'safe' drinking. To relate our data to Vaillant's (1995) findings, Table 6 reports the means of our main (problem) drinking indicators by age groups: 30 or younger, 31-40, 41-50 and 51 or older. We do observe a pattern in alcohol intake and the incidence of alcoholrelated problems by age group which is consistent, though not identical, with the life cycle of alcoholism as described by Vaillant (1995) . (It must be noted that, unlike Vaillant, we cannot control for secular trends in alcohol consumption co-shaping the observed age patterns of alcoholism.) While the total weekly intake is fairly stable, the peak intake and the associated problems are at their highest in the age group 30 or younger, gradually abating in older age groups before falling dramatically in the age group 51 or older. Evidently, even though the underlying questions for the problem drinking symptoms refer to the entire lifetime, the respondents have limited recall of the events of distant past.
The presence of the life cycle of alcoholism in our data may affect the robustness of our regression estimates to interpretations alternative to the effect of schooling. Suppose schooling does not affect the likelihood of alcoholism but does delay its onset. Then the observed differences in problem drinking symptoms between the twins at a given point in time will be attributed to schooling differences, whereas in fact they are due to different phases of the life cycle of alcoholism. To examine whether there is evidence for schooling affecting the life cycle of alcoholism, we estimate the effect of schooling on (i) age when started to drink and (ii) past (1980) alcohol intake. The first effect will measure the ability of schooling to delay the start of the alcoholism life cycle, and the second will measure the extent to which schooling affects the length of the life-cycle phase before the development of alcoholism. It turns out ( Table 7) that neither effect is significant once we take twin differences, implying that our earlier estimates are not materially affected by the life-cycle bias. A question might still be asked, however, as to whether the effect of schooling is specific to a certain stage in the alcoholism life cycle. To answer this question, we run our basic regressions on subsamples of twins younger and older than 40 in 1988 (the median age in Table 7 . The effects of an extra year of schooling on age started to drink and past (1980) The effect of schooling on problem drinkingthe sample). The results, reported in Table 8 show that the effect of schooling on problem drinking is somewhat stronger for younger men and women. The AD score and health problems are two exceptions, presumably because they reflect the consequences of long-term alcohol abuse rather than more contemporary symptoms of it. However, the tendency of the respondents to forget past events (recall Table 6 ) makes further interpretation of these findings difficult.
Reverse causality
Another challenge to the interpretation of our results as evidence for the causal effect of schooling on problem drinking is the possibility of reverse causation, whereby excessive drinking causes people to attain less schooling than they would otherwise have attained. To address this possibility within the limits of our data, we exploit the variation in the age when started to drink between male twins once again. We have already demonstrated (Table 7) that the age when started to drink is unrelated to schooling once genetic influences have been isolated. This result enables us to proceed with relative ease to selecting a subsample for each sex in which individuals had already completed their education before they started to drink, so that drinking could not have affected their schooling attainment. This subsample is comprised of people whose age when started to drink exceeds their schooling by 6 years (six is the age when compulsory education in Australia begins). Individuals in each subsample are somewhat younger (39 -men, 38 -women) and less educated (11.3 -men, 10.3 -women) than sample averages, but the average incidence of problem drinking symptoms is about the same as on the whole sample: men (women) average 0.25 (0.07) on AD, 4.55 (2.85) on five-shot score, 1.33 (0.74) on CAGE, and 0.19 (0.09) on health problems due to drinking. Table 9 reports estimated effects of 1 year of schooling on these subsamples. For men, the estimates are in fact larger than on the whole sample, which is consistent with our findings for younger men (the previous section) and men with secondary education or less (the next section). For instance, an extra year of schooling reduces the probability of AD by 0.16, the number of behavioural problems by 0.32, and health problems by 0.23. Admittedly, the assumption that the individuals' schooling went uninterrupted by the onset of drinking, implicit in the selection rule for this sample, is a limitation that must be observed. Still, the fact that we find a negative effect of schooling on problem drinking for those who could not have left education because of drinking implies that reverse causality cannot explain our main results for men. There are no significant effects of schooling on the female subsample, implying that the few significant results found for women earlier are sensitive to the assumption on the direction of causality from schooling to problem drinking.
Effects for subgroups
We now zoom in on particular subgroups in our sample of twins which we define according to the following criteria: (i) positive parental history of problem drinking (father's or mother's alcohol consumption in the top quartile of distribution), (ii) level of education not exceeding high school, and (iii) difference in schooling between twins not exceeding 3 years. The regression results are reported in Table 10 . 
The effect of schooling on problem drinking
The subgroup with a parental history of problem drinking could be targeted for educational interventions because of its exposure to bad parental habits, as well as inheritability of alcoholism (Knopik et al., 2004) . Indeed, individuals in this subgroup report higher average occurrence of problem drinking symptoms. At the same time, it is not clear whether the soft power of education can make a difference for this group. We find, however, that for men the estimates for schooling mostly exceed those obtained on the entire sample (Table 4 ) both in absolute magnitude and relative to the sample SD. (Health problems and inability to stop/reduce drinking are exceptions, but even then the differences are not significant given the estimates' SEs.) Our findings thus suggest that targeting men with a parental history of problem drinking could be even more efficient than giving extra education to all. The results for female twins with a parental history of drinking are not much different from the entire sample, except that the effect of schooling on AD is now negative, albeit insignificant.
Turning to the subgroup of twins with a highschool diploma or less, it may be argued that skills and knowledge helping to resist problem drinking are quite general and therefore are taught earlier in life. One could then hypothesize that problem drinking effects of early schooling are highest. Bringing this hypothesis to the empirical test, we find much larger effects for male twins with a high-school diploma or below, the subgroup otherwise similar to the whole sample.
12 Put differently, an extra year of schooling in secondary education (high school or below) brings larger benefits in terms of reducing male problem drinking than does an extra year in further education. The results for the female subsample are, again, in line with the overall results for women, and remain quite different from the results for men. Interestingly, the positive effect of schooling on the likelihood of developing AD is stronger for this group than for the rest of the female sample. We do not have an explanation for this result, but since is it not stable across samples we are not inclined to conclude that schooling does increase the likelihood of AD for women.
Finally, we rerun our analysis on the subgroups of male and female twins for whom the difference in schooling does not exceed 3 years with the aim of testing the sensitivity of our results to removing large differences in the years of schooling which may not be exogenous. These subgroups make up about 80% of the original sample for men and 90% for women. The point estimates remain broadly similar to those obtained on the entire sample. However, since the share of twins with zero difference in schooling in the sample is now greater, there is a marked increase in the SDs of the schooling coefficients, with schooling remaining significant only for the health problems indicator. It is thus the effect of schooling on health problems experienced by men that is the most robust finding of our study. The effect of an extra year of schooling relative to the health problems indicator's SD (63%) is bigger than on the entire male sample. Note, however, that the present subsample features a greatly reduced variation in schooling: 1 year compared to 1.6 on the entire sample. In fact, the estimated effects of one SDs increase in the years of schooling relative to the SD in the health problems variable on the two samples are more comparable: 63% versus 48%.
Limitations
A word of caution in interpreting our results is in order. First, there are general concerns over our data's representativeness of general population, also mentioned in the earlier studies (Knopik et al., 2004; Webbink et al., 2010) , such as over-representation of higher-educated individuals and predominantly European ancestry of the respondents, which may influence metabolism and hence the occurrence of problem drinking symptoms. Second, there are concerns specific to our method and results. For instance, we find, intriguingly, that with age people tend to report fewer, not more, problem drinking symptoms ever happened to them in a lifetime, and that the effect of schooling wears out for some indicators and stays the same or increases for the other, both of which findings require explanation. While we have taken some steps towards addressing the issues of reverse causality and lifecycle bias, we have approached, but not quite achieved, an ideal natural experiment setting in which otherwise identical individuals would be administered different amounts of schooling in the beginning and followed up over the course of time. In fact, since we cannot identify the source of variation in schooling within identical twin pairs, its exogeneity remains a maintained assumption which we could only partially relax by restricting our sample to 'small' differences in schooling for which this assumption seems more credible.
Finally, there is a possibility that twins' behaviours affect one another. For instance, the co-twin of an alcoholic might reduce his alcohol consumption as a behavioural response, in which case the effect of schooling will be overestimated. 13 This possibility does not lend itself to a rigorous test, since 'peer effects' between twins cannot be identified. However, we find that the averages of alcohol intake and associated problems reported by siblings of alcoholic twins are higher, not lower, than those of siblings of nonalcoholic twins. We also find (Table 11 ) that, while the strength of peer effects should presumably depend on the frequency of contact, the estimates for the effect of schooling are essentially the same for men who have seen each other more and less often than once a year over the last 8 years. Thus, while acknowledging the possibility of peer effects among twins as another limitation of our study design, we fail to obtain evidence for their actual presence in our male sample. Turning to female twins, we do observe bigger schooling effects for twins who see each other more frequently (though most of them still remain insignificant), which is consistent with twins' negative response to their co-twin's drinking. Clearly, problem drinking by women differs from men's and needs a separate model to be described and analysed better.
IV. Conclusions
In this study, we have examined whether the negative correlation between schooling and alcohol intake frequently observed in the 'health gradient' literature can be taken as evidence that more schooling causes less drinking. Using data from identical twins has enabled us to exploit the variation in schooling free from genes or family background, both of which factors may affect intake. We have found that schooling and alcohol intake are not directly related; rather, it is the unobservables that shape the correlation between the two. What schooling does affect is men's ability to enjoy alcohol without adverse consequences to self and others. The most robust evidence we have found is for the effect of schooling on the number of health problems due to drinking: 0.14 fewer with an extra year. This effect persists in different specifications, surviving a variety of robustness checks. Our second most important finding, though somewhat less robust to changes in identifying assumptions, is that an extra year of schooling reduces the likelihood of developing AD by 6%. Both effects are important quantitatively and make up appreciable fractions of the respective symptoms' SDs.
Our study contributes to the health gradient literature in general, and the problem drinking literature in particular, by linking schooling to several problem drinking indicators, and by addressing the issues of measurement error in schooling and heterogeneity in its effects on different subgroups. Addressing these issues has important implications Note: **p50.05, *p50.1.
13 Suppose a problem drinking indicator depends not only on schooling but also the same problem drinking indicator of the cot-win. Then Equation 1 will read (skipping controls for simplicity)
where y 0 is the problem drinking indicator of the co-twin. Twin differencing results in Dy ¼ Ds À Dy þ Du which can be rewritten as
If is negative, the impact of schooling on alcoholism will be overestimated. We are especially grateful to the anonymous referee for presenting this point to us.
The effect of schooling on problem drinkingfor assessing policies to reduce problem drinking through education. Thus, comparing estimates in columns (2) and (3) of Table 4 shows that failure to take measurement error in schooling into account will result in overlooking much of its effect. It is therefore recommended to examine survey data for the presence of measurement error and implement a robust estimator such as the one introduced in Ashenfelter and Krueger (1994) , or, failing this, to apply an errors-in-variables estimator with a well-gauged reliability ratio (0.8 in our data). Turning to the issue of heterogeneity, our finding that the effects of schooling vary by level of education and the presence or absence of parental history of problem drinking suggest efficiency gains from targeted educational interventions.
Advocating such interventions would of course require more research than we have done here. First, the effect of schooling on problem drinking by women is significantly different from men's and merits a separate inquiry. Second, more research is needed to calculate the implied benefits of schooling in terms of reducing the costs of alcohol abuse. Extra education is unlikely to be justified on the basis of reducing problem drinking alone, nor has it been featured prominently among ways to cope with problem drinking as yet. However, given the lifelong consequences of the habit, the one-off costs of keeping individuals from risk groups in school may be worth paying.
